ABSTRACT: Density and ultrasonic speed data have been used to calculate a number of useful and important thermoacoustic and thermodynamic parameters such as thermal expansivities, α, isothermal compressibility, β T , internal pressure, P int , specific heat ratio, ϒ, surface tension, σ, Pseudo-Grüneisen parameter, Г, non-linearity parameter, B/A, by empirical relations at T= (303, 308, 313 and 318) K temperatures in the range concentration from 0.05 to 1 molar. Solvation number, S n , has been computed to support the conformational change in geometry of aqueous methyl orange solution. The calculated values highly support the change in orientation and abnormal behavior of methyl orange solution at varying concentrations and quite satisfactory results are obtained.
INTRODUCTION:
The decolourization/fading of aqueous dye solutions by high intensity ultrasonic waves have been studied quite early by a number of workers. 1, 2 The degradation of coloured chrome Azural S-Al complex has also been studied at 2MHz frequency of such high intensity ultrasonic waves. 3 But the propagation of low amplitude ultrasonic waves in aqueous dye solutions has so, far, not been studied. Hence the ultrasonic propagation parameters such as ultrasonic speed, absorption, relaxation etc could not be measured in such solutions. After an exhaustive literature survey we have come across two papers 4, 5 dealing with the determination of ultrasonic speed, density, viscosity, surface tension of methyl orange 4 and 4-methyl-7-hydroxycoumarin. 5 The chemical structure of methyl orange is depicted in Figure 1 . It is worthwhile to mention that these ultrasonic propagation parameters can be employed to determine a number of important and useful thermodynamic and transport properties of liquids and solutions. With a proper theoretical formalism, the estimated properties will be helping in structural and physicochemical studies of system. In order to achieve such goal, we have for the first time, taken such studies for dye solutions. The structure and nature of, and interactions occurring in liquids and solutions can be investigated from density and ultrasonic speed data. The experimental techniques involved in the measurements of density and ultrasonic speed are very simple, quick and quite precise. Such data can be employed to estimate a number of useful and important thermodynamic properties of liquids and solutions. There is only one thermodynamic property which can be directly determined from density and ultrasonic speed data, which is the adiabatic (isentropic) compressibility, β s given by:
This property cannot be determined by any other method. In order to estimate other thermodynamic properties, some empirical relations based on dimensional analysis, have been developed during recent past. [6] [7] [8] [9] [10] [11] In the present work we are using these equations for computing various thermodynamic and thermoacoustical properties of aqueous solutions of methyl orange. The experimental data of density (ρ) and ultrasonic speed (u) have been taken from the recent paper of Thanuja et al. 4 The other paper 5 has quite limited data and hence ignored.
THEORETICAL FORMULATION:
Based on the dimensional analysis 6-11 the following empirical relations between ρ-u and thermodynamic properties have been deduced: Thermal expansivity: 44.2
Heat capacities ratio:
Surface tension:
One of the very important and useful parameter, known as pseudo-Grüneisen parameter (Г), which has been studied by many workers [12] [13] [14] [15] [16] for investigating the internal structure and clustering phenomenon in liquids and solutions. Also, it is a dimensionless measure of change in entropy with volume or the thermal pressure and is usually investigated through the relations given below. Physical significance of this thermodynamic parameter has recently 13 been discussed and applied for liquids. This parameter is given by:
The significance and importance of another thermodynamic parameter, called the Beyer's acoustic nonlinearity parameter (B/A), has been discussed by several workers during recent years. [17] [18] [19] [20] There are several methods of determination of B/A, but there are several limitations. In the present case of methyl orange solutions, the only possible three formulae can be employed. These are:
Hartmann-Balizer
Internal pressure, P int , is related to B/A as:
The apparent molar volume (ф v ), apparent molar compressibility (ф k ) and solvation number (S n ) are obtained respectively using eqs (10), (11) and (12):
RESULTS AND DISCUSSION: Computation of various thermodynamic and thermoacoustical properties of aqueous methyl orange solution have been done using the experimental data of density, ρ, and ultrasonic speed, u, at four different temperatures 303, 308, 313 and 318K and varying concentrations (0.05 -2.0) mole %. The experimental values of density and ultrasonic velocity were taken from the paper of Thanuja et al. 4 The calculated values of α, β T , P int , ϒ, σ and Г from empiricial equations (1) to (6) are recorded in Table 1 .
The thermoacoustic non-linearity parameter, B/A, and the internal pressure, P int , have been calculated from two different methods namely Hartmann-Balizer 20 and Ballou 21 using equations (7), (8) and (9) are enlisted in Table 2 . (10), (11) and (12) . There is a sharp fall in density (ρ), ultrasonic speed (u), thermal expansivities (α), isothermal compressibility (β T ), internal pressure (P int ) owing to the stereochemistry of methyl orange. Methyl orange exhibits geometrical isomerism at N=N (azo group). The structure can be represented as Figure 2 syn (Z) and Figure  3 anti (E) 2D forms. Figure 4 and Figure 5 represents syn (Z) and anti (E) 3D form. Here dark grey balls represents carbon atom, light grey are the hydrogen atoms, blue is nitrogen, yellow is sulphur atom and red balls are the oxygen atoms. At low concentration less molecules of methyl orange are available in water so it prefers the anti conformer where the two nitrogen atoms are more available for hydrogen bonding therefore denser. But as the methyl orange moiety increases equal number of molecules in syn as well as (in equilibrium) anti form exists. In syn form the lone pair on nitrogen is less available for hydrogen bonding due to steric hindrance and hence less density at higher mole fraction. Increase in molar concentration decreases the values of α and β T as they are inversely proportional to density, density increases in region of low concentration and low temperatures (303, 308K) and apparently increases in region of high concentration and temperatures (313 and 318K) due to breakdown of hydrogen bonds, releasing the dipoles of water leading to formation of intermolecular hydrogen bonds. Similarly P int increases with concentration till 0.5 then decreases till 2 % showing close interaction between solute-solvent in region of low concentration, which apparently decreases abruptly with increase in solute volume or solute molecules in solvent leading to an increase in the volume of solution. At high concentration, the solute-solvent interactions present are dominated by solute-solute interaction. Similar is the trend with temperature in case of P int .
Heat capacity ratio, ϒ, increases with concentration as the number of interacting molecule increases, the bulky group in methyl orange increases with concentration thereby more association with solvent (water) molecules and reverse trend is with temperature as rise in temperature keeps the molecules in excited state predominantly. With increase in concentration of methyl orange the Г value increases till 0.5 mol% then there is a sharp decrease from 1to 2 mol% indicating large clustering and more compact lattice structure during interaction till 0.5 mol% followed by sudden decrease, this abnormal behavior is due to sharp decrease in density due to sudden increase in the volume of the solution with the addition of methyl orange. The rise in temperature at each concentration decreases the value continuously predicting that as the temperature increases continuously the interaction between the solute and solvent decreases due to increased intermolecular distance and breaking or lengthening of hydrogen bonds prevalent between them.  , S k . In addition, the solvation number is negative indicates that the ion is likely to dissolve in solvent but with increasing temperature and concentration the negative value increases showing less interaction with water molecules.
CONCLUSION:
A remarkable property of methyl orange dye has come into being owing to its sharp fall in density and ultrasonic speed at a high concentration due its stereochemistry. The change in conformation on varying concentration is responsible for its abnormal behavior. The solvation number parameter supports its uniqueness. The above is depicted well with the help of self explanatory diagrams drawn with the help of software, ACD LAB Chem Sketch for 2D conformation and Gauss View software for 3D conformation. The solvation number parameter supports the above explanation. This is a stepping milestone in our explanation of the interaction parameters with the help of software and its successful implementation justifying the uniqueness of methyl orange in solution chemistry.
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